Background Non-accidental head injury (NAI) is an inflicted injury usually on a child, often resulting in long-term neurological impairment and occasionally death. This study aimed to investigate the predictive values of acute findings, especially ocular, for long-term neurological outcomes. Methods Medical records including retinal images of all children who attended the local Children's hospital with a diagnosis of NAI from over a period of 5 years were reviewed and data collected via the electronic patient record system. Patient demographics, injuries sustained, wide-field digital retinal images, visual acuity and sequalae, neurological function, and global function was noted. IBM SPSS software program was used for statistical analysis. Results Of the 38 patients (24 males, 14 females), 12 children died acutely from the head injury with the remaining 26 children available for long-term follow-up. A younger age of injury (P = 0.004) was the only statistically significant predictor of good neurological outcome as compared with absence of macular retinoschisis, unilateral retinal haemorrhage, and unilateral subdural haemorrhage. Of the 38 children, 17 children had retinoschisis; 9 children with macular retinoschisis died acutely while 4 suffered a degree of developmental delay and only 4 were developmentally normal at the last follow-up. Long-term visual acuity data was available for 18 of the 26 survivors (range: NPL to Snellen 6/5). A statistical significance was noted between retinoschisis and worsened visual acuity (Po0.05). Conclusions Bilateral macular retinoschisis on acute presentation of NAI is associated with a seven-fold and unilateral with a fourfold increase in the development of a poor neurological outcome and eventual death.
Introduction
Non-accidental head injury (NAI) is an inflicted traumatic brain injury upon a child, often resulting in debilitating long-term neurological deficits and at times death. 1 NAI is otherwise also referred as shaken baby syndrome, whiplash-shaking injury, inflicted head trauma, and abusive head trauma. 2 The neurological deficits, including learning disabilities, motor disabilities, cortical blindness, and epilepsy, occur in almost 60% of surviving children. 1 The majority of these injuries are inflicted in the form of physical abuse on young defenseless children under the age of 2 years. 3 Not surprisingly, these injuries are fatal in about 20% of these children. 4 The incidence of NAI in the United Kingdom was 14.2/100 000 in the year 1998-1999, whereas a retrospective study published in 2005 reported an increased figure of 24.6/100 000. 5, 6 In New Zealand, the incidence of NAI in children under the age of 2 years is estimated between 14.7 and 19.6/100 000 population. 7 However, this incidence is 32.5-38.5/100 000 among the indigenous New Zealand Māori population. 7 Interestingly, the incidence of mild cases of NAI is as high as 750 cases per 100 000 people per year in New Zealand. 8 Ophthalmologists are often consulted in an acute setting of every case of suspected NAI in order to ascertain the presence of retinal haemorrhages. Retinal haemorrhages have a strong predictive value of NAI with odd ratios of 14.7, as computed by multilevel logistic regression analysis in a systematic review of six relevant studies. 9 The characteristic findings are that retinal haemorrhages occur simultaneously in different layers of the retina and extend to the far peripheral retina. These retinal haemorrhages are often extensive and too numerous to count. 10, 11 Reportedly, the presence of a macular retinoschisis (a dome-shaped haemorrhage within the retina at the macula) is highly indicative of NAI. [12] [13] [14] Although the severity of retinal haemorrhages and the presence of retinoschisis is associated with the severity of acute neurological injury and death following NAI, 15, 16 these studies have not yet examined the long-term prognostic value in survivors.
The current retrospective study aimed to investigate the correlation between the acute findings in NAI and longterm neurological outcome. This information might prove beneficial in forecasting victims' prognoses for caregivers, society, and health-care providers.
Materials and methods
The location of the study was Blind and Low Vision Education Network New Zealand, Homai Campus, Auckland, New Zealand. The study was approved by our hospital Research Ethics Committee and followed the tenets of the Declaration of Helsinki.
The medical records of all patients diagnosed with NAI and retinal haemorrhages over a 5-year period (between May 2005 and May 2010) were retrospectively reviewed. Information collected from each medical record included date of birth, gender, ethnicity, injuries sustained, widefield digital retinal images (RetCam-II; Clarity Medical Systems, Pleasanton, CA, USA), visual sequalae, neurological function, and global function. Visual sequalae included non-standardised data collection, that is, reduced visual fields, cortically blind, normal. Visual acuity data were available for only 18 children. Visual acuity was assessed in a variety of age and intellectual appropriate methods, including forced preferential looking, Lea symbols, and Sheridan-Gardiner and Snellen visual acuity. However, these were converted to Snellen equivalents in their medical notes with notation of the method of visual acuity testing to maintain consistency.
Self-described ethnicity was recorded according to the 2006 New Zealand Census data description with six main categories: European, Māori, Pacific peoples, Asian, Middle Eastern/Latin American/African, and others.
Injuries sustained by patients were compiled from medical records, discharge summaries, computed tomography scans, and radiology reports stored on the local hospital's patient software, Concerto and Web1000 computer network system.
Wide-field digital retinal images of all patients were reviewed by an experienced paediatric ophthalmologist (SD) to determine the presence and extent of retinal hemorrhage and macular retinoschisis. Neurological function was measured with the Glasgow Outcome Scale -Extended Pediatric version (GOS-E Ped) 17 instead of the gold standard Glasgow Outcome Scale-Extended due to its lack of validation in children. The GOS-E Ped was scored (by CFC) according to eight categories: 1 = upper good recovery to 8 = death (Table 1) . Furthermore, neurological outcomes were defined as the child's functional neurological status at their last followup appointment with their Paediatrician.
Statistical analysis was performed using the IBM SPSS for Windows (Version 21.0; IBM Corp., Armonk, NY, USA). Ordinal logistic regression was used to investigate correlation between variables and neurological outcomes. The explanatory variables used were age of injury, subdural haemorrhage (SDH)-unilateral or bilateral, retinal haemorrhage involving the fovea-unilateral or bilateral and the presence or absence of retinoschisis, and types of retinal haemorrhages. The ordinal outcome of GOS-E Ped score included reduced to normal (GOS-E Returned to completely to premorbid condition with no detectable sequelae from the head injury 2
Lower good recovery
Returned to premorbid condition with residual problems occasionally (less than weekly) affecting child 3
Upper moderate disability
Returned to premorbid condition with frequent non physical problems (more than weekly) affecting child 4
Lower moderate disability
Child is independent or behaves age appropriately outside home but suffers constant problems affecting individual 5
Upper severe disability Dependent on caretaker more so than expected based on age but does not require caretaker to accomplish tasks a child of this age should be able to do 6 Lower severe disability Dependent on caretaker more so than expected based on age and requires caretaker to accomplish tasks a child of this age should be able to do 7
Vegetative state Inability to obey single commands, verbalise, act, react, or interact beyond reflexes 8 Death
Retinoschisis, neurological outcome, non-accidental injury CF Chong et al
609
Eye Ped = 1), some neurological impediment (GOS-E Ped = 2-7), or dead (GOS-E Ped = 8).
Results
Thirty-eight children with a clinical diagnosis of NAI were identified during the study period between May 2005 and May 2010. Twelve children died acutely from the injury (died on admission); the remaining 26 children were included in this cross-sectional study. The average age of injury presentation was 9 months (age range 1-37 months) with 24 male and 14 female children (Table 2) The average duration of follow-up in this group was 26 months (range: 11-62 months). Children in this study were from five of the six ethnic groups in New Zealand. The highest representation was Māori (69%) followed by Caucasian (17%), Tongan (10%), Indian (2%), and African (2%). All 38 children had SDH and retinal hemorrhage at the time of initial assessment. Twenty-two (58%) children had bilateral SDH while bilateral retinal haemorrhage was noted in 29 (74%) children. Thirteen children presented with some degree of clinical neurological impediment while retinoschisis was noted in 17 children. Nine (53%) children with retinoschisis died acutely compared with 3 (14%) without retinoschisis.
Of the 26 surviving children, visual acuity data were available for 18 children. Eleven children had visual acuity better than Snellen visual acuity 6/12, nine without retinoschisis, and two with retinoschisis. The visual acuities were between Snellen 6/12 and 6/60 in three children, and of these three, two had retinoschisis. Four children had visual acuity worse than Snellen 6/60 in the better eye; however, retinoschisis was noted in three of them. Children with poor visual acuity were noted to have more diffuse retinal haemorrhage, retinal haemorrahge involving the fovea, and the presence of retinoschisis. Retinoschisis was significantly associated with worsened visual outcome at the final visit (Po0.01; Table 3 ).
Using ordinal logistic regression models, there was evidence that age of injury was related to outcome (P = 0.004), with older children less likely to have good neurological outcome ( Table 4 ). The estimation for the odds ratio of good neurological outcome was observed three times better in unilateral SDH and unilateral retinal haemorrhage compared with bilateral involvement (P = 0.18 and P = 0.26, respectively), though the results were statistically insignificant.
Unilateral retinoschisis was associated with a four-time increased chance of poor neurological outcome (GOS-E Ped = 8) compared with a child without retinoschisis. Bilateral retinoschisis was noted to be a predictor of worse neurological outcome with possibly up to seven times the odds of poor long-term neurological outcome, in comparison with no retinoschisis (95% confidene interval 0.02-1.2). Although statistical analysis was inconclusive due to the large confidence interval, the estimated odds of poorer neurological outcome was greater in bilateral compared with unilateral retinoschisis and for bilateral compared with no retinoschisis.
Discussion
The current study investigated the age of injury, laterality of SDH, laterality of retinal hemorrhage, presence of preretinal haemorhages, and presence of macular retinoschisis for prognostic determinant of long-term neurological outcome and visual outcome. To our knowledge, this is the first study to investigate association between retinal haemorrhages and retinoschisis in NAI to predict 'cause and effect' of these injuries to neurological outcome and visual outcome.
Of the four factors studied in this study, only age of injury at presentation corresponded with positive longterm neurological outcome; that is, younger age at the time of acute admission is expected to achieve better neurological outcome. Several studies have reported contradictory findings with younger age leading to higher rates of mortality, morbidity, or cognitive impairment. 18, 19 Notably, a report from the New Zealand Children's Commissioner stated that injury at a later age corresponds with good neurological outcome or poorer outcome at younger age. 20 Interestingly, some studies have reported no correlation between age of injury and global outcome. 21, 22 Clearly, there is no consensus among clinicians or clinical researchers with regards to the prediction of global outcomes and NAI presentation age. The studies that report on these types of injuries have an age range of about 1-36 months at presentation similar to the current study with an age range of 3-37 months. 21, 22 Arguably, better repair mechanism and good brain plasticity in younger age group potentially leads to positive neurological outcomes. Furthermore, severity of injury at the age of admission possibly has an important role in determining long-term neurological outcomes. The younger children in the current study potentially suffered less severe injuries. Further research on NAI and its comparative outcomes in infants, older children, and adolescents might help in explaining the importance of age at the time of initial injury presentation. 22 The current study utilised the GOS-E Ped to assess neurological function. 17 GOS-E Ped provides sensitive results across the injury spectrum along with its ability to detect subtle changes in functional status as compared with standard GOS that can significantly underestimate the impact of brain injury in young children. 17, 22 According to GOS-E Ped, the presence of macular retinoschisis was associated with an approximate sevenfold increase in poor long-term neurological outcome and associated with higher rate of mortality in the present study. Arguably, macular retinoschisis is one of the specific ocular signs of NAI and potentially be a crucial diagnostic feature. 23 The ocular autopsy and histopathology of 118 cases noted the presence of macular retinoschisis in about 23% of deceased children. 24 Furthermore, a smaller published case series of 10 children has reported significant association of macular retinoschisis with a fatal outcome 15 Figure 1 . SDH often co-exists with retinal haemorrhages and the two are key features of NAI. 25 Although, the severity of injury can be associated with findings of bilateral SDH and retinal haemorrhage, the current study did not show statistical significance. It is generally accepted that the more severe the intracranial bleed and the more extensive the retinal haemorrhages, the more severe the mechanism of injury. 26 However, current study only accounted for the presence of SDH, retinal haemorrhages, and retinoschisis, rather than the extent of injury that could have resulted in statistically insignificant results. The presence of bilateral SDH and retinal haemorrhage corresponds to a three-fold increase of poor long-term neurological outcome as compared with unilateral findings. NAI children with SDH carry a poor prognosis, with three-quarters die or live with profound disability. 3 Reportedly, the severity of retinal haemorrhage is significantly associated with acute neurological injury. 27 A systematic review of about thousand cases that included meta-analysis of five studies reported a strong correlation of retinal haemorrhages and NAI (or abusive head injury) with an odds ratio of 14.7 and 91% Figure 1 Neurological outcomes of children with/without retinoschisis.
